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Abstract: To further expand the application of advanced ceramic materials in helicopters, this paper reviews their
application in helicopter structures both domestically and internationally. It emphasizes the technical maturity and

development trends of various ceramic materials in helicopter specific structural applications, such as energy impact
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protection parts, energy conversion components, and corrosion protection areas. By comparing the gaps between
domestic and international use of advanced ceramic materials in helicopter specific structures, the paper provides
suggestions for the future development. Recommendations include the use of reaction-sintered contoured integrated
opaque armor ceramics and polycrystalline transparent armor ceramics for the high-speed dynamic impact energy
protection parts, cermet composite coatings compatible with epoxy resin composite substrates for the low-energy
impact protection parts, and hybrid ceramic matrix composite/polymer matrix composite (HCMC-PMC) materias
for the thermal shock protection parts. Additionally, multifunctional composite materials, such as high-performance
miniature piezoelectric ceramic thin film functional devices and flexible hybrid electronic structures based on
micro-piezoelectric ceramic materials, should be developed for the mechanical and electrical energy conversion
components. Microwave-absorbing ceramic composites derived from polymer-derived ceramics that are compatible
with epoxy resin composite substrates are recommended for the electromagnetic and thermal energy conversion
components. Furthermore, high-performance abrasion-resistant and corrosion-resistant Sol-Gel coatings are
suggested for the corrosion protection areas. It is also essential to establish a high-speed dynamic energy impact
protection mechanism for helicopters, optimize the ballistic performance of protective materials, and develop advanced
ceramic materials digital testing and verification technologies, represented by multi-functional composite materials
for helicopter specific structures. These efforts will greatly shorten the application cycle of advanced ceramic
materials and reduce the verification cost.
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Brand Type Supplier
Reaction sintering  Bullet-proof M Cubed
ceramic ceramic Technologies
AION Transparent - ggy

bullet-proof ceramic
Flexible hybrid Silicon-based American
system ceramic Semiconductor
Gentoo Sol-Gel coating :_una .
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Fig.5 Photos of curved ceramic armors after firing practice™”
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Table2 Performance comparison for typical transparent
bullet-proof ceramics®**

Material AION  MgAlO; B“';‘ngo"f
Density/(g-cm™) 3.69 3.58 2.50
Y oung modulus/GPa 334 238 72
Bending strength/MPa  220-550 180-450 50-55
Knoop hardness/GPa 14-18 12-15 5.0-5.5
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(a) Front face of test piece; (b) Back face of test piece
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Table3 Performance comparison for ceramic composites
and high temperature alloys'%5

Material A/;f%;/ sic/sic Hign tae]rlncf;erat”re
Density/(g-cm™) 2628 2529 89
Oxidation resistance Good Moderate Low
Cost Low Moderate Moderate
Temperature resistance/'C 1100 1200 1050
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Fig.8 Smart rotor based discontinuous trailing-edge flap"® *!
(a) Boeing SMART rotor; (b) Euro-copter ADASY S rotor
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Fig. 9 APA1000XL piezoelectric actuator from CRDRAT
Technologies corporation!®
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Fig. 10 Baseline continuous trailing edge flap airfoil layout
and wind tunnel test article based on MFC material &
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Table4 Comparison of energy density for three major
vibration energy harvester§*¥

Type Electromagnetic Electrostatic Piezoelectric

Energy density/

(mJ-cm) 24.8 4 35.4

0.25 T magnetic 3'10° V-m™
field electric field

PZT 5H

Assumption material
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Kl 11 Lord-Microstrain Sensing Systems /A & [ Bell 412
AR B AT 7 A P 0 28 A J A v 1 3 1200

Fig. 11 Self-powering wireless sensor package based on Bell
412 pitch links from Lord-Microstrain Sensing Systems
corporation!*®
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Kl 12 RF0O221 ji 3k 7 4 B (14
Fig. 12 RF0221 rotor brake!***!
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K13 SRR ETHILIES FCX-001 K % Bt fie 3 R 1)
Fig. 13 Sketchs of future helicopter FCX-001 and smart morphing rotor”)
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Table5 Demandsfor advanced ceramic materialsin specific structural components

Areaor site Structure component Demand for advanced ceramic material
. . . Reaction bonding of complex-shaped and monoalithic
High energy impact protection components, opaque armor ceramics, transparent polycrystal armor
such as occupant seats Pagu ’ =P polycry
ceramics
Energy impact

protection areas such as leading edge of rotor blades

Heat energy impact protection components,

such as engine cowling

Low energy impact protection components,

Compound coating of metal and ceramics

Hybrid ceramic matrix composite/polymer matrix
composite materials

Mechanical and electrica energy conversion

Energy components, such as smarting rotor
conversion sites

components, such as rotor blades

Electromagnetic and heat energy conversion

Flexible hybrid electronic-structural composites

Microwave-absorbing ceramic composites made of
polymer-derived ceramics

Corrosion

protection areas Landing gear sleeves

High-performance Sol-Gel coating
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Flexible piezoelectric ceramic thin

allowable strains and high energy

Now

High voltage, low
energy conversion

Self-sensing and self-excitation
structures design,
manufacture and
digital verification

film with low voltage, high

conversion efficiency
2030 2035 (Year)

Flexible hybrid electronical
and structural composites

2027

efficiency and low

allowable strains
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Fig.
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14 Status and development plan of key technology for
-sensing and self-excitation smart materials
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